
The Fifth International workshop on chromosome 9 comprised a gathering of 36 scientists from seven countries and included a fairly even distribution of interests along chromosome 9 as well as a strong input from more global activities and from comparative mapping. At least eight groups had participated in the goal set at the previous workshop which was to improve the fine genetic mapping in different regions of chromosome 9 by meiotic breakpoint mapping in allocated regions and this has resulted in some greatly improved order information. Excellent computing facilities were available and all contributed maps were entered not only into SIGMA (and thence submitted to GDB) but also into a dedicated version of ACEDB which can be accessed on the Web in the form of one of 28 slices into which the chromosome has been arbitrarily divided. It was generally agreed that the amount of data is now overwhelming and that the integration and validation of all data is not only unrealistic in a short meeting but probably impossible until the whole chromosome has been sequenced and fully annotated. Sequence-ready contigs presented at the meeting totalled about 3 MB which is about one fiftieth of the estimated length. The single biggest barrier to integration of maps is the problem of non-standard nomenclature of loci. In the past 2 workshops efforts have been made to compare traditional ' consensus ' maps made by human insight (still probably best for small specific regions) with those generated with some computer assistance (such as SIGMA) and those generated objectively by defined computer algorithms such as ldb. Since no single form of map or representation is entirely satisfactory for all purposes the maps reproduced in the published version of the report are confined to one of the genetic maps, in which Genethon and older markers have been incorporated, a Sigma map of the genes as symbols together with a listing of known ' disease ' genes Report on chromosome 9, and a revised assessment of the mouse map together with a list of mouse loci predicted to be on human chromosome 9. One of the 28 ACEDB slices is also shown to illustrate strengths and weaknesses of this approach. Workshop files include not only all maps available at the time but also details of loci and details of the meiotic breakpoints in the CEPH families (http :\\www.gene.ucl.ac.uk\scw9db.shtml) .
This report and other information on chromosome 9 can be found on the chromosome 9 homepage at the URL : http :\\www.gene.ucl.ac.uk\chr9\

The format of this report reflects the working groups at the meeting and co-ordinators of each group are identified. The groups included 9p, proximal 9q, 9q34, global, computing and informatics, comparative mapping and disease genes. Disease data have been placed in the relevant chromosomal region and in addition a summary of all known disease-causing genes on chromosome 9 is shown in Table 1 . As previously, a name with a date in the text report refers to a publication listed in the reference section. All other references refer to abstracts at this workshop. The proceedings of the fourth workshop were published and listed in the references (Pericak-Vance et al. 1995) .
The Whitehead Institute have been producing whole genome maps based on a combination of YAC and radiation hybrid mapping. The RH maps have been built using the whole genome radiation hybrids panels Genbridge 4 and Stanford. These maps consist of a framework map taken from the genetic linkage map generated at Genethon. These are then populated with STSs from known genes and ESTs and any other markers amenable to analysis by PCR amplification. There was nobody from this group at the meeting, but all publicly-available maps were available and considered by subgroups. In addition, information from RHDB was extracted for the use of individual researchers at the meeting. However, these data (now available as the Science map, Schuler et al. 1996) do not form part of this publication.
 9  Group co-ordinators : Olufunmilayo Olopade and Nigel K Spurr
Mapping of the short arm of chromosome 9 has until recently always been in the shadow of the efforts undertaken to map the long arm. However, this situation is changing and the report from this workshop reflects the rapid increase in knowledge in this region.
Total 9p mapping
Several groups reported or had supplied partial or whole arm maps of 9p. These included accurate assignments for many genes and ESTs. More than 145 markers were placed on the SIGMA map. The group refined the localization of some markers with a combination of data generated from genetic and physical mapping using radiation hybrids, YAC clones and meiotic mapping in CEPH families (Bouzyk et al. ; Rebello et al. ; Ridanpa$ a$ et al.) . Nigel Spurr presented an integrated radiation hybrid YAC map of chromosome 9p. Eighty-nine STS markers were used in the construction of the RH map and these were used to isolate and order a minimal tiling path of YAC clones identified from the CEPH mega-YAC library. This contig is 88 individual YACs in length with an average size of 1 Mb giving about 90 % coverage of the short arm. A few minor gaps remain mainly towards the centromere and telomere. Additionally, two major gaps (" 3 cM each) occur between D9S269 and D9S1039E and between CNTFR and D9S962 and these are also identified by the maps generated by the Whitehead Institute. These two gaps flank the gene CDKN2 which is commonly deleted in several tumour types. Many of the YAC clones were tested for integrity by FISH mapping. This map reduces the average physical distance between markers to 0n75 Mb on the integrated map.
The distal portion of 9p has always been poorly mapped. At the meeting Rebello and colleagues presented a new genetic map of 9p24 which included several new Genethon markers. In addition, a meiotic breakpoint map of 9p as well as a full length genetic linkage map were presented.
A cosmid in the sub-telomeric region of 9p has been identified and will be used to anchor the telomere of 9p. The marker D9S1779 was identified as the most telomeric genetic marker on 9p. The marker D9S163, shown as telomeric on the Whitehead map is placed by genetic mapping and also by FISH much more proximally in p21 (see Fig. 4 .) 9p regional maps Several detailed maps of specific sub-regions of 9p were presented. These included a 1 Mb region around RPS6 (Illison et al.) . RPS6 codes for the ribosomal protein S6. The gene lies in a 9p22-p23 region telomeric of the IFN gene cluster. Further mapping is underway to construct a cosmid contig of the region. A transcript map of 9p13-p21 (Lynch et al.) and a 2n8 Mb region around the tumour suppressor gene CDKN2 (Olopade et al.) were presented. These regions have cosmid contigs ready for DNA sequencing ; three cosmids around CDKN2 have already been sequenced completely (Olopade, personal communication.)
Gene localization on 9p
The localization of the following genes were refined : VLDLR, AK3, RPS6, CNTFR, PAX5, CHH, RLN1, TYRP1, MLLT3. In addition, numerous ESTs coding for genes of unknown function were located on the RH and YAC maps. Lynch and co-workers reported on the isolation of several new ESTs from around the CDKN2 locus. They used exon trapping to isolate novel sequences from 200 to 250 cosmids which span approximately 3n5-4n0 Mb of this region.
No further information was available on the location of NRASL1. This gene was placed on 9p in 1987 following in situ hybridisation with a probe specific for NRAS1. A secondary signal was detected on 9p leading to the assignment of NRASL1. It is questionable whether this localization should be retained or should be archived until DNA sequencing of this chromosome takes place.
Disease genes on 9p
Considerable progress has been made in mapping and localizing disease genes on 9p and several reports were presented at the meeting.
Sex determination
Monosomy of distal 9p is frequently associated with abnormal development of external genitalia in 46, XY boys. A gene involved in sex determination has been located at the tip of 9p. It has been refined between SNF2L2 and D9S144 in the region 9p24.1-qter (Guioli et al. ; Veitia et al.) .
The constitutional 9p − syndrome was mapped to the region between D9S267 and D9S286 (Schwartz et al.) . This syndrome includes facial dysmorphology and mental retardation. The majority of patients have a breakpoint in 9p22 with breakpoints clustering in two regions, between D9S1659 and D9S285 Report and also between D9S1709 and D9S162. These were mapped with high resolution FISH using 40 YACs and PCR with 25 different STSs. The minimal region covers approximately 2-3 Mb in the region 9p22-p23.
Tumour suppressor loci
The most well characterized tumour suppressor locus on 9p involves the gene CDKN2 of which germline mutations have been described in melanoma and pancreatic cancer families. This region has been frequently reported as being the target for high frequency deletions in a wide range of somatic tumours in cell lines and primary tissue.
In addition, other data were presented at the workshop supporting other regions of deletion on 9p. Terminal deletions of 9p were reported in several breast cancer cell lines using FISH mapping with a panel of YACs from 9p (Savelyeva et al.) . Every marker tested distal to D9S1813 was hemizygously deleted in the majority of cell lines ; two homozygous deletions of the region distal to D9S1813 and between D9S263 and D9S1845 were identified. Campell and co-workers presented data on LOH in lung cancer cell lines that peaked around the locus D9S259. However, there continue to be significant data in support of CDKN2 as the target gene involved in 9p deletions. Olopade et al. presented a genomic map of the MTAP gene in relation to CDKN2 and CDKN2B including the comparative map of the rat map and CDKN2 loci.
CDKN2 appears to be the target locus in multiple tumour types. In addition to several families segregating melanoma having mutations in CDKN2, several have been reported with mutations in another gene, CDK4, which interacts with the CDKN2 gene product, p16. Although CDKN2 has been reported to be inactivated by homozygous deletions, methylation of the promoter region or by point mutations, there remain some 9p-linked families that do not have detectable mutations in CDKN2. The group decided to keep the designation of MLM on the map alongside CDKN2 until the issue of mutations in all the melanoma families could be resolved. The group also decided not to assign a name for p19ARF, the alternate transcript from Exon 1B of CDKN2 until a human protein corresponding to the p19ARF is characterized. No mutations in Exon 1B have been described in melanoma kindreds thus far.
Lymphatic leukaemias and PAX5 on chromosome 9p
The 9p13 region is involved in t(9 ;13) (p13 ;q32), and Ohno et al. (1990) showed that in a diffuse large cell lymphoma (KIS1) with this translocation the IgH locus on chromosome 14 was translocated to 9p13 sequences of unknown function. Busslinger et al. (1996) showed that in the KIS1 translocation the E mu enhancer of IgH is brought into proximity with the PAX5 promoters and that PAX5 gene transcription is involved in the pathogenesis of lymphatic lymphomas with plasmacytoid differentiation.
Cartilage hair hypoplasia (CHH)
The gene for CHH has previously been shown to be 0n3 cM proximal to D9S163 between the PAX5 and CNTFR genes. Radiation hybrid mapping in this region has refined the localization of PAX5, TPM2, GALT and CNTFR and has excluded IL11RA and HA2337 as candidate genes (Ridanpa$ a$ et al.).
TYRP1 Tyrosinase related protein 1 in OCA3
Boissy et al. (1996) reported mutation in and lack of expression of tyrosinase related protein-1 (TRP-1) in brown oculocutaneous albinism, a new sub-type of albinism classified as OCA3. One member of a set of African American twins was found to have light brown skin and blue-grey irides with a red reflex consistent with brown oculocutaneous albinism. The other twin had dark hair and dark skin pigment. The affected twin was homozygous for a single basepair deletion in exon 6 of TYRP1. The deletion of an A in codon 368 led to a premature stop at codon 384.
  9-931
Group co-ordinators : Brian P. Chadwick, Susan A. Slaugenhaupt
Physical and genetic mapping on 9cen-9q31
Two regions of proximal 9q have been the centre of attention for physical mapping over the past year around the nevoid basal cell carcinoma syndrome (NBCCS) on 9q22 and familial dysautonomia (DYS) on 9q31.
A YAC contig spanning the genetically defined NBCCS region of 9q22 between D9S196 and D9S180 suggests a physical distance of greater than 2 Mb (Hahn et al. 1996) . A second YAC contig spanning D9S197 and D9S287 implies this region is approximately 5n5 Mb (Johnson et al.. 1996) . A further map presented at this meeting spanning FACC and D9S173 agreed with a physical estimate previously described by Hahn et al. Four independent YAC maps covering 9q22 exist (Hahn et al. 1996 , Johnson et al. 1996 , Morris et al. 1994 Lench et al. unpublished) . Fig. 1 shows the conflicting results for the order of the markers. The precise ordering of D9S280, PTCH, FACC, FBP1 and D9S287 remains unresolved. Although the order of these markers shows discrepancies on the YAC maps, data from the CEPH breakpoint map in two phase known recombinants give the order Cen-D9S196-D9S280-FACC-D9S287-Tel. This is in agreement with other previously published maps (Povey et al. 1994) .
The YAC contig surrounding the DYS gene has been expanded to 1n3 Mb in distal 9q31 (Slaugenhaupt et al.) . An 800 Kb cosmid contig begins 300 Kb proximal to D9S1677 and extends through D9S311. Recently a BAC contig has been constructed that spans the interval D9S261 through D9S310. In addition to this 13 new markers were added to the existing breakpoint map between D9S180 and D9S59 (Slaugenhaupt et al.) .
Disease genes in 9cen-9q31
Hereditary sensory neuropathy type I (HSNI) HSNI was mapped to an 8 cM region flanked by D9S318 and D9S176 on 9q22.1-22.3. Multipoint analysis gave the most likely location at D9S287 (Nicholson et al. 1996) . This dominant disorder causes loss of sensation, especially to pain and temperature, and is the most common of a group of degenerative disorders of sensory neurons.
Familial dilated cardiomyopathy (CMDIB)
A large kindred with autosomal dominant familial dilated cardiomyopathy (CMDIB) was assigned to 9q13-q22 by linkage analysis between D9S153 and D9S152 (Krajinovic et al. 1995) . FDC is characterised by impaired myocardial contractility and ventricular dilatation.
Hearing loss
Neurosensory nonsyndromic hearing impairment (DFNB7) was mapped in two consanguineous families from India to 9q13-q21 (Jain et al. 1995) . A second autosomal recessive nonsyndromic hearing loss was mapped to 9q13-q21 in two inbred Bedouin kindreds from Israel by Scott et al. (1996) . Scott and colleagues show linkage to D9S922 and D9S301 on 9q. The disease locus lies between the markers D9S915 and D9S927. Haplotype analysis shows segregation with a common haplotype in two kindreds at markers D9S927, D9S175 and D9S284, supporting the belief that both families inherited the disease gene from a common ancestor. The positioning of this locus is distal to that described for DFNB7. Either this represents a novel form of neurosensory nonsyndromic hearing loss, or it positions the DFNB7 locus to a more telomeric region. There is a deafness (dn) locus in the mouse which maps to mouse chromosome 19 with flanking loci syntenic to 9q11-q21.
CSMF Human homolog of rat NOR1 gene.
A segment on chromosome 9q22 is fused to the EWS (Ewing sarcoma gene) on chromosome 22 in a recurrent translocation 9 ; 22 which is observed in extraskeletal myxoid chondrosarcomas (Gill et al. 1995) . The segment on chromosome 9 which gives rise to the fusion gene with EWS was reported to be a homolog of the rat NOR1 gene (Clark et al. 1996) , who noted further that it is a member of the steroid\thyroid receptor gene super family. In the EWS-CMSF fusion protein the C terminal RNA binding domain of EWS is replaced by the entire CMSF protein.
Freidreich's ataxia (FRDA)
The gene for the autosomal recessive condition Friedreich's ataxia (FRDA) was identified by Campuzano et al. (1996) to be X25 on 9q13. A few FRDA patients were found to have point mutations in X25 but the majority were homozygous for an unstable (GAA)n trinucleotide expansion in the first X25 intron. A severely reduced X25 mature mRNA (expected to result in a low level of frataxin) in the spinal cord, heart and pancreas is probably the primary cause of neuronal degeneration, cardiomyopathy and increased risk of diabetes. Carvajal et al. (1996) reported that the X25 (frataxin encoding gene) described by Campuzano et al. (1996) comprises part of a gene that they described as STM7. They reported that the STM7.1 transcript has phosphatidyl inositol-4-phosphate 5-kinase activity, similar to the catalytic domain of the ataxia telangiectasia gene. Durr et al. (1996) analysed 187 patients with autosomal recessive ataxia. They reported that larger GAA expansions correlated with earlier age of onset, with the frequency of cardiomyopathy and with loss of reflexes. They concluded that test of the GAA repeat expansion is useful for diagnosis, prognosis, and counselling.
Nevoid basal cell carcinoma syndrome (NBCCS)
The gene for NBCCS was identified by mutations in a gene with strong homology to the drosophila segment polarity gene patched (Hahn et al. 1996 ; Johnson et al. 1996) . NBCCS is characterised by multiple basal cell carcinomas of the skin, jaw cysts, other tumours and skeletal abnormalities. 
Other work on tumour suppressor loci in 9cen-9q31
Previously allelic loss of proximal 9q was reported in basal cell carcinomata, ovarian cancer and bladder cancer (Pericak-Vance et al. 1995) . Lench et al. (1996) report the loss of DNA markers in odontogenic keratocysts on 9q22.3-q31 in three sporadic cases where the patients had no family history or symptoms of NBCCS. Odontogenic keratocysts of the jaw are a common symptom of NBCCS (Gorlin, 1987) . The presence of inactivating mutations in the human PTCH gene for sporadic forms of odontogenic keratocysts has not been shown.
Further allele loss of 9q22.3 in human non-melanoma skin cancer was reported by Holmberg et al. (1996) . In eight sporadic cases of basal cell carcinoma loss of markers between D9S196 and D9S180 was observed. For squamous cell carcinoma a frequency of 50 % LOH was observed for D9S180 and suggest the presence of a tumour supressor gene important in development of squamous cell cancer within the D9S196-D9S180 interval or distal of it. Others have shown loss of 9q31-q32 distal of D9S180 in squamous cell carcinomas of the oesophagus (Miura et al. 1996) . Miura and colleagues isolated six new microsatellite markers at 9q31-32 and narrow a region commonly deleted in squamous cell cancer to 200 Kb between KM9.1 and D9S177. Devlin et al. (1996) present evidence for three possible tumour suppressor loci involved in ovarian cancer on chromosome 9. Thirty-three ovarian tumours were investigated for LOH on 9 and it was detected in 26 cases. The region commonly deleted on 9p was shown to be between D9S126 and D9S736 at 9p21. Large regions of 9q were also shown to be deleted.
Fukuyama congenital muscular dystrophy (FCMD)
Toda et al. (1996) utilized linkage disequilibrium mapping to further refine the map location of FCMD in the Japanese population. They determined that the markers D9S2105, D9S2107, and D9S172 are closest to the FCMD locus. Haplotype analysis carried out using these markers revealed that most FCMD bearing chromosomes are derived from a single ancestral founder. Toda et al. (1996) reported that these markers can be used for the diagnosis of sporadic cases of FCMD in the Japanese population. They reported further that the FCMD gene most likely lies within a 100 Kb region containing D9S2107. Toda et al. (1996) considered that the receptor tyrosine kinase, MuSK, described by Valenzuela et al. (1995) , is a possible candidate for the FCMD gene, since this gene is expressed in muscle and brain and it maps to chromosome 9q31.3-9q32.
A mild form of the brain malformation Cobblestone Lissencephaly (CL) is present in FCMD. Patients with Walker-Warburg syndrome (WWS) suffer from a severe form of CL. FCMD and WWS consist of congenital muscular dystrophy and complex malformations of the brain and eye.
Both disorders have been shown to inherit the same 9q31-32 alleles in two Japanese families and could be genetically identical. Northrup et al. investigated the possibility of WWS being allelic to FCMD by testing several markers from the 9q31-32 region on seven families with one or more children affected by WWS. Linkage of FCMD to WWS was not excluded.
New and refined placements of other genes on 9cen-9q31
The gene for the human nuclear cap binding protein, NCBP, was mapped by somatic cell hybrids and cosmid hybridization to 9q22 adjacent to the human gene for xeroderma pigmentosum complementation group A (XPA) and is conserved adjacent to mouse xpa on MMU4 (Chadwick et al. 1996) . NCBP is important for the pre-mRNA splicing and the transport of RNA from the nucleus to the cytoplasm (Ohno et al. 1990 ).
The gene for cyclin dependent kinases regulatory subunit 2 (CKS2) was mapped to 9q22 by FISH (Demetrick et al. 1996) . CKS2 binds to the catalytic subunit of cyclin dependent kinases, and is essential for their biological function (Nigg, 1993) .
Lench et al. and Chadwick et al. placed the human tropomodulin gene (TMOD) adjacent to the STS D9S780 close to the NCBP gene. TMOD is a tropomyosin binding protein that regulates the elongation and depolymerization of tropomyosin coated actin filaments (Weber et al. 1994) .
Lench et al. mapped the human p57 gene which codes for the Coronin protein to 9q22. Coronin binds to F-Actin and is required for normal motility and participates in cytokinesis (Hostos et al. 1991) .
Chadwick et al. presented data for the mapping of the Keratin-18-like3 gene (KRT18L3 ). KRT18L3 was mapped to chromosome 9 by somatic cell hybrids (Romano et al. 1988 ). KRT18L3 is located less than 1 Kb upstream of the XPA gene on 9q22. Comparisons of the KRT18L3 genomic sequence to human KRT18 showed loss of the AUG start codon and premature stop codons suggesting that KRT18L3 is a pseudogene (Chadwick et al. submitted).
Two novel genes GRC-7 and GRC-14 were mapped downstream of the FACC gene (Chadwick et al. unpublished) . A third novel gene GRC-3 was mapped close to the D9S180 marker.
Isoleucyl-tRNA synthetase (IARS) was localised to 9q21 by FISH (Nichols et al. 1996) . This is in agreement with Whitworth et al. (unpublished) who fine mapped an EST for IARS (Acc.No. d28473.gbIpr) by PCR across a set of radiation hybrids with well defined breaks in 9q to 9q21. The 17-β-hydroxysteroid dehydrogenase 3 (HSD17B3) gene was fine mapped by Lench et al. close to the D9S1809 marker. HSD17B3 when mutated causes pseudohermaphroditism (Geissler et al. 1994) .
A total of 10 ESTs were fine mapped to the D9S197-D9S180 interval (Hahn et al. 1996) : R14225, T88697, R14413, R06574, R17127, R39928, T11435, Z43835, R16281 and yo20g05.s1. This is in agreement with Lench et al. (unpublished) . Montermini et al. (1995) identified the gene X104 as the human tight junction protein ZO-2 when characterizing 150 Kb of the FRDA critical region on 9q13. A second gene, PRKACG, encoding for the a-catalytic subunit of the cAMP-dependent protein kinase was placed between FR8 and FR6 on 9q13.
  932-9
Group co-ordinator David Kwiatkowski Physical and genetic mapping 9q32-9qter A subgroup of ten individuals gathered to consider the state of the map of 9q34, and to prepare an update to the consensus map of this region. The region continues to be exceptionally gene and STR marker rich, with 59 known genes and over 200 STR markers assigned. There was little change to the map in the region of HXB. Immediately below HXB on the map there is a cluster of 18 STR markers without genetic distance separation. The physical and\or genetic basis for this clustering is unknown. The map below this region has been significantly improved (Knowles et al.) . D9S275, D9S195, D9S258, D9S103, and AFMA239XA9 are known to be part of a 2-fold deep YAC contig, with the first four of these in the order given. GSN and D9S123 are likely to be connected on the telomeric side of this contig in a 1-fold deep extension. Considerably greater resolution has been given to the region below GSN, due to the efforts of MacIntosh et al. The NPS1 gene is now localized to a 1 cM interval (S60-AK1), and the following order of markers is secure, due to informative events in either CEPH or NPS1 kindreds : D9S282-(S266, S1829, S113)-S60-(S1821, S112, S315, S1798)-AK1-END-SPTAN1-S1144-S61-(S260, S121, S752)-S63-(S120, S903)-PTPA--(S65, S115)-S62-S159-S63-(ASS, ABL). Considerably greater resolution has been given to the region between S149 and S114, the consensus critical region for the TSC1 gene (Wolfe et al, Kwiatkowski et al, Gilbert et al, Fried et al) . The order of markers and genes in this region is now known at the 10 Kb level : S149-S2127-S2126-S1830-S2133-S1199-CEL-S1198-S2134-ABO-SURF1-SURF6-SURF5-RPL\7A-SURF1-SURF2-SURF4-S164-S1793-S968-S150-DBH-S122-S10-S66-VAV2-S114. A sequence ready contig now covers almost all of this region, and the Whitehead Genome Center has begun sequencing of cosmids from this region : -4446I7fab-2baI1863-5ddeI5d9a -Relatively little change has occurred in the region telomeric to S114 in recent months.
Additional disease mapping in 9q32-9qter Tuberous sclerosis
Au et al. (1996) reported results of analysis of chromosome 9 markers in a large TSC family where linkage to chromosome 16 (TSC2) had been excluded. Analysis of haplotypes showed a cross-over event at the A6 locus. This is a highly polymorphic locus 100Kb proximal to D9S114 and 200 Kb distal to D9S66. The cross-over event placed the TSC1 locus centromeric of A6. This cross-over event eliminated COL5A1 as a candidate gene. Henske et al. (1996) reported that 57 % of angiomyolipomas and rhabdomyomas from 28 TSC patients showed LOH for 16p13. Out of 47 patients analyzed, LOH for chromosome 9q34 was only found in 1 patient. Carbonara studied LOH in both the TSC1 and the TSC2 loci in 20 hamartomas. Loss of heterozygosity at either locus was found in 7 out of 14 cases of sporadic TSC and in 1 out of 4 familial cases. Loss of heterozygosity at the TSC2 locus was signifcantly more frequent in the sporadic patients. They tested 7 other tumour suppressor gene regions in the TSC hamartomas and found no evidence of LOH in these regions. Green et al. (1996) demonstrated clonality in 12 out of 13 hamartomas from females with TSC. They examined differential methylation of the HpaII restriction site adjacent to to the androgen receptor repeat polymorphism on Xq11-12. Using this method they demonstrated a skewed pattern of X inactivation in 12 hamartomas.
Ehlers Danlos syndrome
Burrows et al. (1996) observed tight linkage of the COL5A1 locus to a mixed Ehlers Danlos syndrome type I\II phenotype in a 3 generation family ; the lod score was 4n07 at theta 0. Burrows reported that the variation in expression in this family suggested that EDS1 and II are caused by mutations at one locus and linkage data supported the hypothesis that mutation in COL5A1 can cause both phenotypes. Wenstrup et al. (1996) examined 4 families with EDS1 and reported that EDS1 cosegregated with COL5A1 in two families. In one of these families they demonstrated that affected individuals were heterozygous for a 4 bp deletion in intron 65 and this led to a deletion of 344 basepairs of exon 65 in the processed mRNA. In two other families linkage of EDS1 and COL5A1was excluded. Wenstrup et al. (1996) concluded that EDS types I and II constitute a clinical molecular spectrum which is genetically heterogeneous.
     Group coordinator : Margaret Knowles
Previous LOH studies have shown that there may be multiple tumour suppressor loci on 9q in addition to the locus at 9p21. Further deletion mapping studies have shown that several bladder cancers have localised deletion at 9q33 or 9q34. The deleted region at 9q33, named as Deleted in Bladder Cancer 1 (DBLC1), is considered to be near to D9S195, and the region at 9q34 may be overlapped with the TSC1 locus (Habuchi and Knowles, 1996) .
Bartlett et al, reported that in bladder tumours from patients with known outcome, 3 hotspots for LOH could be identified at CDKN2, D9S15 and ABL. These losses were independent of tumour stage but loss at ABL was associated with high grade disease. Investigation of the pericentromeric classical satellite (9q12) by FISH showed 30 % (6\20) of patients with subsequent disease recurrence demonstrated loss of chromosome 9 in their primary and all subsequent TCCs analysed. No patients with non-recurrrent disease showed this loss (p l 0n047). In addition, LOH occurred more frequently at D9S67 (q34n3) and ABL (q34n1) in TCCs from patients with recurrent, progressive disease, indicating that loss at 9q12 may predict disease recurrence, whilst loss at q34 may predict tumour progression.
    Group co-ordinators : Moyra Smith and Jean Frezal
Advances in understanding of disease-causing genes on chromosome 9 in the past year and at the workshop are included in the relevant sections. Table 1 shows a complete list of known diseasecausing genes on chromosome 9.
  Group co-ordinators Sue Povey and John Attwood
Six abstracts, representing in some cases more than one group (Kwiatkowski et al. ; Ozelius et al.; Haines et al. ; Slaugenhaupt et al. ; Rebello et al. and Pericak-Vance et al.) present data from the concerted breakpoint mapping effort. Data have also been contributed by Hope Northrup and by Rob Furlong. These results have been incorporated into the overall map but, because of some difficulties in the data formats and the need to look at some of the data again, are not yet visible in the meiotic breakpoints displayed in ACEDB on the chromosome 9 home page. The program which is used to generate and draw the breakpoints has recently been described (Attwood and Povey 1996) and it is hoped to complete this analysis soon. Fig. 2 shows a sample breakpoint obtained from the WEB version of ACEDB. This shows the evidence that FACC is proximal to D9287, as indicated by CEPH individual 1416-09. The haplotyped system Galton : D9S287 contains three loci (D9S287, D9S1851, D9S1809) which have not so far been found to recombine within the CEPH families. However, in this example only one member of that haplotyped system was informative (or perhaps the others were not tested). Thus FACC can be placed proximal to D9S287, but the position with respect to D9S1851 and D9S1809 cannot be deduced from these data alone. 
  Group co-ordinator Jonathan Haines
There was universal agreement that the vast amount of genetic (meiotic), physical (contig), and radiation hybrid (EST, STS) data being generated on a whole-genome basis is of extreme value to the community. However, integration of these various sources of data was difficult to impossible.
Two primary hurdles were identified. The first was the sheer volume of data, which makes the traditional ways of resolving order by human discussion impractical (certainly in the time available!). At this meeting the data were viewed in the Multimap facility of ACEDB (managed by John Attwood) and also in the Location Database (Andy Collins) as well as GDB(presented by Chris Porter), GID(presented by Jean Frezal), and the SIGMA map (curated by Julia White). Prior to the meeting some map comparisons and integrations providing graphical output were produced by Stan Letovsky (at GDB). It was agreed that some automation is necessary to cope with the volume of data although in small regions specialist human knowledge is invaluable. It was also thought that automated tightening methods (such as refining cytogenetic locations by deductions from other information) although valuable, should remain distinct from primary data.
It was clear that use of appropriate databases could make the wealth of data available to all. However, the second problem seems more intransigent. This was the different naming systems being used. Each project has used its own designations for its probes\primers\loci, with little attention to maintaining aliases which would allow cross-referencing between databases. Any single locus, for example, might be represented in different databases as a probe name, a primer name, a DF, a GDB accession number, A WI (Whitehead Institute) number, an AFM (Genethon) number, an EST number, or a gene name. There was general dismay that the DF naming system was dropped as a primary name in GDB, and that its use seems to be in decline. There was a consensus shared by all groups (see below) that a consistent naming system be used.


Group co-ordinators Julia White and John Attwood
An integrated map of chromosome 9 has been maintained for the past 2 years using the SIGMA software. This has proved to be a very useful tool, especially at the Single Chromosome Workshops. However the software does have some disadvantages, and the main points to be addressed for this workshop were as follows.
(1) The computing resources required to run SIGMA mean that it is not easily accessible to many of the researchers in the chromosome 9 community. This means reliance on Postscript files and printouts, with only limited views of the data, between Workshops.
(2) Order and ambiguities in placement of markers in the SIGMA map can be seen best at high magnifications, but these are difficult to produce as legible printouts. SIGMA can only easily export an order, with fractional distance information, for import into other databases (such as GDB and SCW9db), and the positional ambiguities are lost.
(3) SIGMA is a good graphical tool, but not so good as a database. Only a limited amount of related data can be linked to elements in the map.
(4) SIGMA itself is incapable of matching up new map objects with existing ones, even if the names are the same. The development of scripts for semi-automated entry of maps available in electronic form was necessary in order to be able to incorporate the increasing amount of map data available, with the minimum of effort.
These are problems which should be addressed by any future developers of graphical map tools. The SCW9db database was developed for the Workshop by John Attwood using the ACEDB software package (Durbin & Thiery Mieg), and was an attempt to integrate maps and other data by consistent naming of map elements and other objects. It also contains a large number of hyperlinks to information in external databases such as GDB, OMIM, Genethon and dbEST. It can be browsed and queried remotely by means of Webace (J. Barnett, unpublished) a WWW interface for ACEDB databases, enabling it to be accessed from anywhere on the World Wide Web (which is widely used, with browsers available for all common computing platforms). The URL for viewing SCW9db is http ://www.gene.ucl.ac.uk/scw9db.shtml. A number of recent genetic and physical maps were obtained in machine-readable form and converted into a common ACEDB format, at the same time using tables of aliases derived from GDB, Genethon and local knowledge to turn as many aliases as possible into an approved symbol so that maps and markers could be compared without the problems of the same marker having several different names. These maps were also used for entry in SIGMA, in order to take advantage of the standardised nomenclature. ACEDB's Multimap facility can also be used to align maps alongside each other and highlight differences in order, and this also becomes much more useful when the names have been rationalised.
A major advantage of incorporating data from diverse sources into an ACEDB database is that the elements automatically form links to related objects in the database. Links to external databases were obtained from IGD, GDB and RHdb and, wherever possible, were turned into live hyperlinks leading directly to the target record in the remote database. Examples of databases for which live links could be constructed are GDB, EMBL, RHdb, dbEST and TIGR. Even where live links could not be constructed, the accession numbers are shown and can be looked up manually. By means of these links, vastly more information than could be obtained and put into SCW9db has been made available, and is kept up-to-date without any additional effort.
As well as maps from GDB, the Galton Lab, Genethon, ICRF, LDB, Sanger Centre and the Whitehead Institute, all of the Galton Lab breakpoints were included, together with the genotypes from which they were derived, plus RHdb data known to be on chromosome 9. The Science96 Map was added after the workshop, as it was not available in time. It was decided to combine the map produced with SIGMA with the SCW9db database, so that the benefits of the workshop collaboration could be available on the Web. SCW9db can provide ' views ' of all the maps in manageable ' map slices ', enabling the user to look in detail at regions of interest and print these out if required. Since the current implementation of Webace does not permit the display of views, the Sigma map was broken into 28 overlapping slices, and these were added to the database so that they can be viewed over the Web. The main disadvantage to viewing the integrated SIGMA map through SCW9db is that positional ambiguities are lost and so it is no longer possible to tell how securely placed any marker is, relative to its neighbours. Also, it should be noted that the ' best ' order is sometimes only plain at higher magnifications, due to space limitations when displaying many close markers.
We present illustrations of the maps which can be generated. Fig. 3 shows SIGMA output of all genes (not ESTs) localised on chromosome 9. Fig. 4 shows a SIGMA genetic map of chromosome 9 which combines Genethon and some older markers. Fig. 5 shows one of the mapslices described stu Stumbler Neurological and gait defects a dn might be a homologue of DFNB7 or DFNB11, two recessive non-syndromic deafness loci. b us might be a homologue of NPS1, nail patella syndrome. above, taken from the 9q34 region and displayed by SCW9db. Fig. 6 shows a multimap comparison of three primary maps, in a small region of 9p. The print is a poor substitute for the live version!
  : Group co-ordinators : Karen Steel and John Edwards
Since the last report, many more genes have been mapped in both mouse and human, giving a more detailed view of the alignment of syntenic segments of mouse chromosomes to HSA9. These are shown in Fig. 7 . In particular, refinement of localisations suggests that more re-arrangements during evolution have occurred than previously thought, including the following : Alignment of MMU4 markers with 9p suggests that two segments of MMU4 are represented here, but the polarity of the segment of MMU4 corresponding to 9p13-p21 is not clear. Alignment of genes on MMU19 with 9p24 and 9q13-q21, and of MMU13 with 9q21-q22 show no inconsistencies in order. Alignment of genes on a third segment of MMU4 with 9q22.32-q33 shows only one inconsistency, the arbitrary. Vertical bars represent the approximate location of genes for which the order has not yet been clearly established. Black circles represent the positions of centromeres. The name of the human homologue is given where this is not obvious. position of ORM1, which is placed centromeric of ALAD and HXB, while in the mouse, detailed haplotype analysis has positioned Orm1 between Lv (l ALAD) and Hxb. Finally, the order of markers on MMU2 has been shown by detailed comparison with distal 9q to indicate at least two apparent inversions in order (Pilz et al.) . Thus, the mouse markers Dbh, Surf1, and D2H9S10E appear to be inverted and exchanged with D2H9S114E, Rxra and Col5a1, and the order of the markers Spna2 (l SPTAN), Ass1 and Abl seem to be inverted, compared with the order of the human orthologues. Furthermore, Paep is located on distal MMU2, while on HSA9 it lies close to GRIN1, ABC2, C8G and NOTCH, the orthologues of which map to a more proximal region of MMU2. Table 2 lists the mouse loci identified by visible mutations which are likely to have homologues on HSA9. Many of the genes have not yet been identified and so the human homologue has not yet been mapped, and the mouse loci may be poorly mapped in relation to known HSA9 genes, so some of the mouse mutations may eventually be found to correspond to locations on other human chromosomes. The approximate predicted position of each locus is shown in the left column.
Comparisons of chromosome 9 gene locations with positions in other species have been summarised by John Edwards in his abstract.
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